Investigations on the prevalence of arbuscular mycorrhizal (AM) and dark septate endophyte (DSE) fungal symbioses are limited for plants growing in tropical aquatic and wetland habitats compared to those growing on terrestrial moist or dry habitats. Therefore, we assessed the incidence of AM and DSE symbiosis in 8 hydrophytes and 50 wetland plants from four sites in south India. Of the 58 plant species examined, we found AM and DSE fungal symbiosis in 21 and five species, respectively. We reported for the first time AM and DSE fungal symbiosis in seven and five species, respectively. Intermediate-type AM morphology was common, and AM morphology is reported for the first time in 16 plant species. Both AM and DSE fungal colonization varied significantly across plant species and sites. Intact and identifiable AM fungal spores occurred in root zones of nine plant species, but AM fungal species richness was low. Though no clear relationship between AM and DSE fungal colonization was recognized, a significant negative correlation between AM colonization and spore numbers was established. Our study suggests that the occurrence of AM and DSE fungal symbiosis in plants growing in hydrophytic and wetland habitats is not as common as in terrestrial habitats.
Introduction
Most plants growing in their natural habitats are colonized by arbuscular mycorrhizal (AM) fungi belonging to the phylum Glomeromycota. The ability of AM fungi to establish a symbiotic association with a wide range of host plants renders these fungi to be an important component of most natural ecosystems [1] . These fungi aid plants in their uptake of nutrients and water from the substrates in exchange for carbon [1] . Nevertheless, plants growing in certain habitats like the aquatic and wetland habitats are either nonmycorrhizal or inconsistently mycorrhizal [2] . This arises from the fact that AM fungi are obligately aerobic, while many wetlands and aquatic habitats are frequently anoxic [3] . Therefore, it has been presumed that the presence and activity of AM fungi tend to decline as soil aeration level decreases [4] . Further, there is a general presumption that AM symbiosis may be less important for plants growing under submerged conditions as plants can absorb nutrients directly from their surroundings through the submerged parts. In spite of these, AM had been reported in plants growing in aquatic and wetland conditions [5] [6] [7] [8] [9] . In addition, results of studies examining the role of AM fungi in aquatic plants have shown that plants could benefit from mycorrhizal association. Such benefit could range from growth of an individual in a wetland community [10] [11] [12] to the wetland plant community as a whole [13] . In spite of these, information on the occurrence of AM in plants growing in aquatic and wetland habitats is limited compared to that of terrestrial habitats.
Based on the type and presence of AM fungal structures within plant roots, the colonization pattern has been termed as Arum-, Paris-, or intermediate-types [14] . In Arum-type, the fungal structures are mostly intercellular in contrast to Paris-type where the fungal structures are predominantly intracellular. The intermediate-type exhibits the characteristics of both Arum-and Paris-types [14] . Although many studies have reported the patterns of AM colonization in the roots of terrestrial plants, their occurrence in aquatic and wetland plants is largely unknown [15] . However, de Marins et al. [8] reported that the majority of the mycorrhizal plants
Materials and Methods

Study Sites.
Samples were collected randomly from four different aquatic systems and sites at Tamilnadu, India. The first site (hereafter referred to as Site-A) was a river and adjoining area in Bhavani (11 ∘ 26 58 .4 N and 77 ∘ 41 23.8 E, 193 m a.s.l.). The average relative humidity (RH) of the area ranges from 65 to 87% and the average maximum and minimum temperatures vary from 26 to 33 ∘ C and 18 to 24 ∘ C, respectively. The average rainfall of this site is 1116 mm per year. The second site (hereafter referred to as Site-B) was a pond located in Gobichettipalayam (11 ∘ 27 11.2 N and 77 ∘ 30 52.9 E, 213 m a.s.l.). The maximum and minimum temperatures range from 29 to 36 ∘ C and 19 to 24 ∘ C, respectively. The rainfall within a year ranges from 6 to 164 mm with an annual average of 640 mm. The third and fourth sites (here afterwards referred to as Site-C and Site-D) are a lake and river and adjoining area located at Perur ( Ghats region is characterized by average maximum  and minimum temperatures of 25 and 16 ∘ C, respectively. This site receives majority of its average 2800 mm annual rainfall from south-west monsoon (June to August) and to some extent from north-east monsoon (October to December).
Sample Collection.
We collected root samples of 58 plant species belonging to 28 families including two ferns and soil/sediment samples of 55 plant species from the four different sites between December 2011 and February 2012. Maximum number of plant taxa was collected from Site-D (24 species) and minimum taxa was collected from Site-A (8 species) (Table 1) . Eighty-eight percent of the sampled species were herbs ( Table 2 ). The roots were positively identified as belonging to the intended plants and were carefully collected without damaging the cortex. The roots were washed free of adhering soil and debris and stored in FAA (formalin : glacial acetic acid : 70% ethyl alcohol 5 : 5 : 90, v : v : v) until processing. The soil/sediment sample collected from the individual plants of a species was shade dried and packed separately in polythene bags and stored until processing. One half of the soil sample was used for assessing the soil chemistry and the other half was used for the extraction and enumeration of AM fungal spores.
Determination of Soil Characters.
Soil pH and electrical conductivity (EC) of the composite soil samples were determined in an aqueous solution of soil : water (1 : 1, v : v) using digital meters. Total nitrogen (N) and available phosphorous (P) were determined according to Jackson [23] . Exchangeable potassium (K) was determined after extraction with ammonium acetate [23] .
Processing and Quantification of Roots for AM and DSE
Fungal Colonization. The fixed roots were washed free of the FAA, cut into 1 cm long bits, cleared (90 ∘ C for 60-90 min.), and stained with trypan blue or chlorazol black E (0.05% in lactoglycerol) [24] . Flimsy roots were cleared by immersing in the clearing solution (2.5% KOH) for 48-72 hours. This minimized the loss of cortex due to heating. The stained roots were mounted onto slides and examined with an Olympus BX51 compound microscope (×400) for the presence of AM and DSE fungal structures. The presence of aseptate hyphae, hyphal coils, arbuscules, or arbusculate coils with or without vesicles characterized AM fungal colonization. The DSE fungal colonization was characterized by regularly septate, melanized or hyaline hyphae with microsclerotia or moniliform cells. The percentage of root length colonization with AM and DSE fungi was estimated according to a magnified intersection method [25] . The classification of AM morphology was based on whether the fungal hyphae were present mainly as linear hyphae spreading inter-or intracellularly or within cells as coils according to the descriptions of Dickson [14] .
Isolation, Enumeration, and Identification of AM Fungal
Spores. Spores of AM fungi were retrieved from 100 g of air-dried soil/sediment sample by wet-sieving and decanting technique and enumerated [26] . All intact AM fungal spores were counted. Spores were considered as intact when they were noncollapsed, with cytoplasmic content and free from any parasitic attack. These spores were transferred onto slides containing polyvinyl alcohol-lactoglycerol with or without Melzer's reagent for identification [27] . Identification of spores was based on spore morphology and subcellular characters using Olympus BX51 light microscope and by comparing to original descriptions (http://www.lrz-muenchen.de/∼schuessler/amphylo/amphlo species.html). Spore morphology was also compared to the culture database established by INVAM (http://invam.wvu. edu/).
Statistical Analysis.
Data of AM and DSE colonization were subjected to analysis of variance (ANOVA) to assess the variation between plant species among sites. Pearson's correlation was used to assess the relationship between AM and DSE variables. As values for root colonization and spore numbers generally follow a binomial distribution, the values were arcsine and log transformed, respectively, to achieve normalization prior to statistical analysis.
Results
Soil Characteristics of Study
Sites. Soil/sediment pH was slightly acidic in Sites-B (pH 6.9) and -D (pH 6.8) and alkaline at Sites-A (7.12) and -C (pH 8.17) ( Table 1 ). The EC ranged between 0.08 and 0.09 at all the four sites. Total ranged from 9.5 mg kg (Site-B) and 21.8 mg kg −1 (Site-C).
Occurrence of AM and DSE Fungal Association.
In the present investigation 8 hydrophytes and 50 wetland plant taxa (belonging to 28 families, including two pteridophytes) were assessed for AM and DSE fungal association. Of the six hydrophytes examined Nymphoides hydrophylla (Menyanthaceae) was mycorrhizal. Arbuscular mycorrhizal association was found in 20 wetland species. All members of the presumed nonmycorrhizal families like Amaranthaceae, Eriocaulaceae, and Polygonaceae lacked AM fungal colonization. Similarly, members of certain families like Acanthaceae, Araceae, Asclepiadaceae, Convolvulaceae, Nymphaeaceae, Marsileaceae, Nelumbonaceae, Onagraceae, Piperaceae, Pontederiaceae, Rubiaceae, and Typhaceae reported to be mycorrhizal also lacked AM fungal colonization. The fungal entry into roots was characterized by the formation of an appressorium originating from the extraradical hyphae on the root surface ( Figure 1(a) ). The spread of the linear hyphae was either inter-or intra-cellular. Intracellular hyphal coils/arbusculate coils were present in roots of all the mycorrhizal plant species (Figures 1(b 
In contrast, vesicles were present only in 71% of the mycorrhizal species and were either inter-or intra-cellular. The DSE fungal colonization was characterized by the presence of hyaline or darkly pigmented, regularly septate hyphae with or without microsclerotia or moniliform cells (Figures 1(e)-1(h) ). Only 9% of the plant species examined had DSE fungal association. All the DSE fungal colonized plants except Marsilea polycarpa (Marsileaceae) were also colonized by AM fungi. As DSE fungal hyphae were observed in all the colonized plant species, microsclerotia or moniliform cells were absent in F. falcata and S. nodiflora. < 0.001) and ranged from 11.40% (S. dulcis) to 38.83% (D. esculentum). Like %RLH, the percentage root length with hyphal coils (%RLHC) also varied significantly among species (F 20,84 = 178.167; < 0.001) and ranged from 9.86% (O. sativa, P. secundiflora) to 32.23% (C. asiatica) ( Table 3 ). The %RLTC and percentage of root length with various AM fungal structures also differed significantly with sites ( Table 4) . The species × site interaction was also significant Journal of Botany (Figure 1(d) ). Typical Arum-type AM morphology was not observed in any of the root samples examined. Arbuscules or arbusculate coils were absent in roots of sedges. However, roots of C. iria contained hyphal coils and the AM fungal hyphae in F. falcata and K. nemoralis were linear and both inter-and intra-cellular resembling intermediate-type 3 (I3).
Extent of AM Fungal
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AM Fungal Spore Numbers and Species.
Spores of AM fungi were present in 9 of the 55 soil/sediment samples examined ( Table 3 ). The soils of Asclepias curassavica (Asclepiadaceae), Commelina benghalensis (Commelinaceae), and Polygonum glabrum (Polygonaceae) contained spores of AM fungi in spite of the plants being nonmycorrhizal. Majority of the spores isolated were devoid of contents and were merely spore cases or were parasitized. The AM fungal spores were absent in the root zones of 15 mycorrhizal plant species. The number of AM fungal spores ranged from 4 spores per 100 g soil (A. conyzoides, A. curassavica, and S. dulcis) to 8 (C. benghalensis) spores per 100 g root zone soils (Table 2 ) and differed significantly among species (F 8,36 = 7.67; < 0.001).
Spore morphotypes belonging to five AM fungal species, such as Glomus macrocarpum Tul. & Tul. Acaulospora laevis Gerd., Glomus ambisporum G.S Sm. & N.C. Shenck, Glomus invermaium I. R. Hall., and an Acaulospora sp. were isolated from the rhizospheres of wetland plants. Spore numbers were significantly ( < 0.01) and negatively correlated to %RLTC ( = −0.527, = 24).
Extent of DSE Fungal Colonization.
The percentage root length with DSE fungal colonization (% RLDTC) varied significantly among species (F 5,24 = 87.370; < 0.001) and ranged from 6.56% (S. nodiflora, S. calva) to 17.25% (D. esculentum) ( Table 3 ). The root length with dark septate fungal hyphae (%RLDSH) ranged from 4.56% (S. calva) to 11.14% (D. esculentum) and differed significantly among species (F 5,24 = 52.823; < 0.001). The root length with microsclerotia/moniliform cells (%RLMi/Mo) exhibited significant variation among species (F 5,24 = 354.461; < 0.001) and ranged from 2.15% (S. calva) to 6.11% (D. esculentum) ( Table 3 ). The %RLDSH, %RLMi/Mo, and %RLDTC varied with sites, and the species × site interactions for these variables were also significant ( Table 4 ). The %RLDTC was not related to %RLTC ( = 0.487, > 0.05, = 6).
Discussion
AM Fungal Association.
The low incidence (36%) of AM in the present study is in accordance with studies where low frequency in the occurrence of AM has been reported in plants from aquatic and wetland habitats [6, 8, 28, 29] . This confirms the view that AM colonization is not common in plants of tropical aquatic and wetland habitats, unlike tropical terrestrial habitats [6] . To our knowledge AM is reported in seven plant species for the first time. The sparseness of AM in aquatic and wetland habitats is often attributed to the anoxic conditions of the flooded soils and sediments. Two reasons that contribute to the low biological activity in flooded soils are the low diffusion rate of oxygen in water and the rapid depletion of the oxygen in the inundated soil [30] . The incidence of AM was higher in wetland plants than in hydrophytes. This is in line with the findings of Khan [31, 32] who reported higher incidence of nonmycotrophy in aquatic plants than plants growing under wetland conditions. The higher prevalence of AM in plants of wetland than aquatic habitats could be attributed to the fact that plants in wetland soils could acquire colonization during dry seasons of the year. The rare occurrence of AM in aquatic and wetland plants can also be due to the direct effect of increasing soil moisture or flooding on AM fungal propagules. Germination of AM fungal spores as well as the number of fungal entry points in roots has been reported to be low in inundated soils with low oxygen concentrations and high redox potentials [33] . Nevertheless, spore germination tends to normalize with an increase in oxygen concentration [34] .
Certain plant species (e.g., Barleria cristata, Colocasia esculenta, and Marsilea minuta) that were nonmycorrhizal in the present study were reported to be mycorrhizal from drier habitats [35, 36] . This is similar to the observations ofŠraj-Kržič et al. [20] where plants that were normally mycorrhizal in terrestrial habitats were only occasionally or rarely mycorrhizal in intermittent aquatic habitats. The observations of the present study along with previous studies clearly indicate that even plant species that are fundamentally mycotrophic can be nonmycorrhizal in AM suppressive habitats as suggested by Brundrett [2] . Radhika and Rodrigues [7] also indicated that the AM symbiosis in aquatic and wetland habitats depended more on the habitat characteristics than on the plant species. In contrast, plants like C. iria and Fimbristylis falcata that were mycorrhizal in the present study were also reported so from drier soils [37, 38] . This observation is in line with the findings of Bohrer et al. [39] where plant phenology was shown to significantly influence the occurrence of AM association in aquatic habitats compared to the abiotic factors. Nevertheless, B. monnieri in this study was mycorrhizal only at one of the two sites from which it was examined. Kyllinga nemoralis reported as nonmycorrhizal in dry soils [40] was mycorrhizal in the present study. These observations show that the factors contributing to the prevalence of AM symbiosis in aquatic and wetland habitats may be more complex than previously thought and could not be generalized.
Taxa in Araceae, Nymphaceae, Pontederiaceae, and Typhaceae were nonmycorrhizal similar to the observations of Khan and Belik [41] , Kai and Zhiwei [6] , and Beck-Nielsen and Madsen [5] . Members of these families generally have fine roots with abundant long root hairs and a well developed aerenchyma [2, 6] . The highly efficient root system of these plants might enable them to exist and thrive independently of AM association. Nielsen et al. [42] presumed that an extensive development of aerenchyma could promote mycorrhization in aquatic plants. However, no demonstrable relationship was found between aerenchyma development and AM colonization level [20] . In contrast, Cornwell et al. [43] reported higher AM fungal colonization levels in aquatic plants with less aerenchyma. All the free-floating hydrophytes such as Azolla pinnata, Eichhornia crassipes, and Pistia stratiotes in the present study were nonmycorrhizal similar to the finding of earlier workers [5] [6] [7] [8] . Absence of AM in free-floating hydrophytes is not surprising as roots of these plants may float freely in water throughout their existence without coming into contact with substrates containing AM fungal inocula. This minimizes the chance for the establishment of root colonization by AM fungi resulting in their nonmycotrophic condition. In contrast to these observations, Choudhury et al. [44] reported the presence of AM fungal hyphae and vesicles in roots of the free floating fern A. pinnata and Hussain et al. [45] reported typical AM association in E. crassipes examined from Pakistan.
We found AM only in three of the nine sedges examined confirming the fact that sedges occurring in wetlands are either nonmycorrhizal or rarely mycorrhizal [2, 35] . The observation of AM fungal structures in the roots of a few sedges in the present study is in line with studies [21, 46] where sedges examined from wetlands were found to be colonized by AM fungi. Contrarily, Thormann et al. [47] failed to find any AM fungal structures in the roots of sedges they examined from Alberta bogs, fens, and marshes. Recently, Lagrange et al. [48] showed that the mycorrhizal status of sedges could be strongly influenced by habitat factors, especially the available concentration in the soil. These authors found that AM colonization of the sedge Costularia comosa was strongly restricted by the low levels of available in the native ultramafic soil. However, fertilization not only stimulated mycorrhization in C. comosa but also resulted in the establishment of a functional symbiosis [48] . A green house study has already established that even low levels of AM colonization could be functional and promote plant growth and nutrient uptake in sedges [49, 50] . The low concentrations of available in the soil could not reason for the infrequent occurrence of AM in the present study since the available in the soils of the studied sites were higher (4.8 to 10.0 mg/kg of soil) than the 1.8 mg/kg of available reported by Lagrange et al. [48] .
In our study, the rooted emergent aquatic N. hydrophylla was colonized by AM fungi. The presence of AM in emergent hydrophytes is often contradictory with studies reporting both presence and absence of AM symbiosis [6, 7, 29, 49, 50] . Previous studies have correlated the mycorrhizal status of emergent aquatics with nutrient and water gradient (e.g., [51] [52] [53] ). These studies found reduced AM presence with increasing nutrient and water levels. Lagrange et al. [49] and White and Charvat [50] experimentally showed that the AM status of the emergent aquatic Lythrum salicaria was related to deficiency. Further, plant species of a habitat may depend differently on AM fungi as they vary in their nutrient requirements for optimum growth.
AM Morphology.
The AM colonization patterns of aquatic and wetland plant species are not well resolved compared to plants growing in terrestrial and dry habitats [15] . To our knowledge AM morphology of 16 plant species has been reported for the first time. The majority of the plants possessing AM fungi had intermediate-type morphology similar to the observations of terrestrial habitats. This contradicts the observations of de Marins et al. [8] where seven of the nine mycorrhizal species in a tropical river-floodplain system from Brazil formed Paris-type AM. The fern, D. esculentum, had typical Paris-type AM similar to the observations by Muthukumar and Prabha [36] . An interesting observation noted in the present study was the absence of typical Arum-type AM in any of the mycorrhizal roots examined. This questions the general assumption that intercellular spaces are determinants of AM morphology [54] , as development of aerenchyma is one of the several strategies that plants adopt to deal with hypoxic and anoxic conditions of soils saturated or flooded with water [55] . Although not examined in the present study, other studies have clearly shown that even plants from terrestrial habitats develop air spaces in their roots in response to increasing soil moisture or flooding [6, 55] . The factors controlling AM morphology within roots are rather elusive and yet to be identified. In a classic study, Gerdemann [56] demonstrated the capability of an AM fungus to form different morphologies in varied hosts indicating the hosts influence on AM colonization patterns. In addition, Yamato [57] suggested that environmental factors such as light intensity and plant growth rate could influence AM fungal morphology within the roots. Studies have also shown that the AM morphology of a plant could vary with the fungus involved [14, 58, 59] . Therefore, in natural habitats where the chance for colonization of the root system by different AM fungi is high, the possibility for the formation of an intermediate type AM is rather higher than typical Arum-or Paris-type.
AM Colonization Levels.
While AM fungal colonization levels may be reduced in inundated conditions, average colonization of mycorrhizal plants in the present study was relatively high (68%), compared with average colonization levels reported for plants from aquatic and wetland habitats [5, 8, 44, 60] . The average AM fungal colonization of the two sedges F. falcata and C. iria was also higher than those reported from upland habitats [37, 61] . Nevertheless, the average colonization levels are comparable to those of Dharmarajan et al. [28] and Weishampel and Bedford [21] . Limitations in the development of the extraradical phase of the fungi due to anoxic or hypoxic conditions of the soil/sediment might have restricted the proliferation of the fungi mostly to roots resulting in an intense colonization. The inhibition of the extraradical hyphal development is correlated with the changes in the redox potential of the sediments under inundated conditions. For example, BeckNielsen and Madsen [5] showed that the AM fungal hyphal density in the upper 4 cm of the lake sediments declined to one third from 6 m to 2 m cm −3 of sediment with a change of redox potential from 500 mV to 150 mV.
AM Fungal Spore Numbers.
Of the 55 plant species examined, intact and identifiable AM fungal spores were present only in the root zones of 9 species. This is in accordance with studies where AM fungal spores were reported to be absent or rare in the root zones of aquatic and wetland plant species [8, 28, 62] . The number of AM fungal spores in wetland soils has been positively related to redox potentials [63] . In contrast to the observations of de Marins et al. [8] , majority of the AM spores isolated from the soil/sediment samples was deteriorated and was merely spore cases. The spore numbers of 4 to 8 per 100 g of soil are low compared to studies where a higher spore number has been reported from aquatic and wetland habitats (e.g., [44, 60] ). A low AM fungal spore number has also been reported from the root zones of many of the aquatic macrophytes in a tropical river-floodplain system in Brazil [8] . One interesting aspect that was observed in the present study was the presence of AM fungal spores in the root zones A. curassavica, C. benghalensis, and P. glabrum which were nonmycorrhizal. Khan [31] and de Marins et al. [8] also observed the presence of AM fungal spores in the root zones of aquatic and wetland plants that were nonmycorrhizal. The spores in the root zones of nonmycorrhizal plants could be contributed by the coexisting plant species or spores could be washed in from the shores by water currents [8] . Harner et al. [64] recently showed that AM fungal propagules including spores could be dispersed by water currents and deposited in sediments. The observations of the present study support the suggestion Clapp et al. [65] that spore population does not potentially reflect the level of AM colonization. Further, AM fungal spores were absent in the root zones of several mycorrhizal plant species in the present study. This clearly shows the involvement of AM fungal propagules other than spores in the process of mycorrhization in aquatic habitats. It has been well established that AM fungal structures like extraradical hyphae and mycorrhizal roots could act as propagules in initiating colonization [1] . Further, the negative correlation between AM fungal spore numbers and %RLTC is similar to those observed in terrestrial ecosystems [66, 67] suggesting that the fungal variables respond differently to environmental conditions.
AM Fungal Spore Diversity.
The species richness of AM fungi in the present study is similar to studies where a low diversity of AM fungi has been reported from the root zones of aquatic and wetland plants [7, 28] . In contrast, several studies have recorded a species richness of 17-44 from the root zones of aquatic and wetland plants [8, 44, 60, 68] . The one possible reason for the low AM fungal species richness in the present study may be the collection of the soils/sediments during the wrong season as sporulation has been shown to be seasonal for many AM fungi [69, 70] .
DSE Fungal Occurrence and Colonization.
In our study, only five of the 58 plant species (9%) examined had DSE fungal association and are the first report of this symbiosis in all these species. This contrasts the observations where higher frequency of DSE fungal presence (70-100%) has been reported in aquatic and wetland macrophytes [8, 20] . The low incidence of DSE in the present study suggests that the anaerobic conditions of the studied habitat might also affect DSE fungal association similar to the AM symbiosis. In addition, most of the plants possessing DSE fungal colonization were also colonized by AM fungi. This corroborates the observations of other authors who also noted the cooccurrence of AM and DSE associations with plants of aquatic habitats [8, 20] . However, the lack of relationship between these two fungal types indicates that these fungi do not influence each other within the root niche. The lack of interaction between these two fungal symbionts could be due to the different locations they occupy within the same root or different parts of the same root system [4] . The average %RLDTC was <10% of the roots possessing dual occurrence of AM and DSE fungi. This is similar to the observations where a low DSE fungal colonization has been reported in mycorrhizal test plants raised on aquatic sediments [19] . The results of the present study do not support the view that nonmycorrhizal plants have high frequency of DSE fungal association [71] , as Marsilea polycarpa was the only nonmycorrhizal species to possess DSE association.
Conclusion
Our findings demonstrate that AM and DSE symbiosis in tropical aquatic and wetland plants are not as common as in tropical terrestrial habitats. The dominance of intermediatetype AM morphology in almost all the mycorrhizal plant species suggests that the intercellular spaces may not be a determining factor in AM morphological types. However, this needs further study. A low AM fungal spore number in spite of the high colonization level resembles those of forest ecosystems where AM fungi proliferate by propagules other than spores. Nevertheless, the use of metagenomics could shed more light on the AM fungal communities associated with plants growing in aquatic and wetland habitats. This could also lay foundation for future studies that can investigate the mechanism by which AM fungi survive and spread in the hypoxic and anoxic conditions. Further studies on the role of AM fungi on growth and nutrient uptake of plants in the aquatic and wetland conditions would throw more light on the significance of this symbiosis in these ecosystems. In addition, the low incidence of DSE symbiosis in the aquatic and wetland plants of the present study requires further investigation. This would enable us to understand the conditions that deter or inhibit the development of DSE symbiosis in saturated soils.
